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Abstract
The Electromagnetic Drive (EMDrive) is a propellant-less engine concept hypothesized by aerospace engineer Roger Shawyer. Shawyer’s proposed thruster technology is grounded on the theory
of electromagnetic resonant behavior exhibited by a radiofrequency cavity, though the source of any
generated thrust is undetermined by current physical laws. NASA Eagleworks Laboratories at Johnson Space Center conducted a vacuum test campaign to investigate previously reported anomalous
thrust capabilities of such a closed radiofrequency cavity, using a low-thrust torsion pendulum. The
team published positive, although small-scaled thrust results in 2017. Following NASA Eagleworks
breakthrough result and operating under the assumption that the proposed EMDrive technology may
eventually be proven true, we explore the physical features and geometries required of such a thruster
to maximize the thrust generated. Our simulation results show that the use of a superconducting cavity material is the greatest contributor to a possible higher thrust. In the case of any practical industrial and manufacturing applications, the use of a cylindrical cavity with the desired superconducting
material may provide the greatest efficiency.

1

Introduction

Propulsion describes the forward drive and motivation of an object. A rocket is a popular example of a
system subject to propulsive force known as thrust. In order for a physical system to generate thrust, a
reaction force usually in the form of accelerated propellant is driven in the opposite direction of desired
travel. This is done to utilize Newton’s third law of motion in order to recover an equal and opposite
force forward1 . Current physical propulsion systems such as these act in accordance with and are a
direct application of Newton’s third law. Mass-bearing propellant, however, is limiting, especially in the
context of interstellar travel. Its presence on board any spacecraft, in sufficient quantities, is expensive,
time consuming, and obstructive to the point of impractical. A rocket subject to reaction-powered thrust
will never reach interstellar space at sufficient speeds or achieve the desired impulse during its life cycle
[1].
Considering the challenges and limitations of these current propulsion systems, recent scientific efforts to discover and harness propellant-less thrust systems are undoubtedly underway. The Electromagnetic Drive (EMDrive), theorized by aerospace engineer Roger Shawyer in 2001, is one such propellantless engine, harnessing the proposed technology of a radiofrequency (RF) resonant cavity thruster subject
to asymmetrical radiation pressure [2]. However, the the technology behind the EMDrive, as a propellantfree non-interacting system, seems to be in violation of Newton’s third law of motion and its derived laws
1

It is important to recognize that modern propulsion used in technology today is also commonly produced by the act of
pushing. A physical system, such as a propeller, generally produces thrust by pushing against its surroundings, namely air.
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concerning the conservation of momentum.
NASA Eagleworks Laboratories at Johnson Space Center conducted a vacuum test campaign to
investigate the anomalous thrust of a closed RF cavity, using a low-thrust torsion pendulum. The team
published their positive results in 2017, citing that their system consistently produced a thrust-to-power
ratio of 1.2 mN/kW [3]. Following NASA Eagleworks’ positive, although small-scaled thrust result,
The SpaceDrive Project, a team lead by Dr. Martin Tajmar of Dresden, Germany, underwent efforts to
recreate and validate NASA’s initial findings. Tajmar’s team found inconclusive results, as the drive was
producing anomalous thrust in only one direction, regardless of the cavity’s orientation, suggesting that
experimental error and electronic interaction with the surrounding cables and machines were the cause
of any detected thrust [1]. Since 2001, many similar experiments and efforts to detect the EMDrive’s
anomalous thrust have occurred, including the work of Chinese researchers at Northwestern Polytechnic
in Xi’an, and the American company Cannae, which hopes to commercialize the technology of such
a drive [4]. Currently, the technology still remains entangled in scientific uncertainty, as no solidified
evidence has been published.
Shawyer’s EMDrive ultimately exploits the behaviors and fundamental principles of an electromagnetic resonant cavity. Here, we present the results of our investigation of the potential thrust capabilities
of such a resonant cavity. Operating under the assumption that the proposed EMDrive technology may
eventually be proven true, we explore the physical features and geometries required of such a thruster to
maximize the thrust generated, subject to assumptions discussed in future sections.

2
2.1

Theory
Resonant Cavities

A general resonant cavity is a hollow system in which waves are allowed to oscillate inside. At specific
frequencies, the waves inside such a cavity will experience natural, higher amplitude oscillation than
at other frequencies, dependent on properties of the cavity. This is similar to an acoustic cavity, in
which certain frequencies of sound waves are easily amplified and maintained in what is known as
acoustic resonance, such as standing waves in a sound tube. The frequencies at which natural, high
amplitude oscillations occur within these cavities are known as resonance frequencies. In the case of an
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EM resonant cavity, the hollow shell consists of a conductive metal and the inside is filled with either
a dielectric material or vacuum space. In this case, electromagnetic waves are present inside the cavity.
Cavity resonators can occur in many different geometries. This flexibility allows for the experimentation

Figure 1: General copper cylindrical cavity (left) and resonant inner electric field for TM010 mode (right).
and investigation of diverse structures in order to analyze the behaviors of the electromagnetic waves and
fields inside. Similarly, the material of the cavity wall changes the conductivity and resonant response.
Cavities of different shapes and materials sustain different field behaviors and resonance frequencies,
and they will vary in their ability to store electromagnetic energy.

2.2

Q Factors of Cavity Resonators

The quality (Q) factor is a dimensionless measure of a resonant cavity’s selectivity and ability to sustain
resonant frequencies ω0 , defined generally by the following relationship [5]2 :
Q = ω0

U
P

(1)

where the total energy stored in the resonator is given by U , and the time-averaged power loss P is due
to Ohmic power losses in the walls of the cavity as parts of the electromagnetic waves are both reflected
and transmitted at the boundary of the cavity walls of finite conductivity. In the case of infinite or perfect
conductance, we achieve perfect reflection at the boundary, and thus no transmission or power losses in
the walls of the cavity. In this case, the Q factor goes to infinity. In a more direct application of Equation
1, we calculate the time-averaged energy stored and determine the power losses in the walls of the cavity
2

The following formulas for the Q factor and its manipulations can be found and followed for more clarity in the referenced

text.
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of volume V and surface area S. The Q factor of a resonant cavity in relation to its geometry can be more
conveniently thought of as [5]:
Q=

V
× (Geometrical Factor)
δS

(2)

where δ is the skin depth of the cavity material of conductivity σ and permeability µc , defined as [5]:

δ=(

2
)1/2
µc ω0 σ

(3)

Experimentally, it has been shown that the observed thrust of a resonant cavity drive scales with its
Q factor [3].
Under the assumption that the thrust of the EMDrive scales with the Q factor, it is essential to attempt
to maximize the Q factor to achieve maximum potential thrust. By Equation 1, this can be achieved by
increasing the conductivity of the cavity material, and thus minimizing power losses in the cavity walls.
By Equation 2, we can achieve a heightened Q factor by maximizing the ratio of volume to surface area.
Additionally, the Q factor for a resonant cavity can be given by [5]:
Q=

ω0
∆ω

(4)

where ∆ω is the full width at half maximum (FWHM) of the frequency separation in which the resonance response is greater than half the response value at peak resonance. This definition of the Q factor
is not equal to Equation 1, but as Q becomes large, the FWHM becomes small in relation to the unperturbed resonant frequency, which corresponds to decreased damping, and Equations 1 and 4 become
approximately equivalent [5].

2.3

Resonance Frequencies and Interior Electromagnetic Behavior

For many simple geometries, there is an analytic solution for the electromagnetic resonance frequencies
of a cavity resonator. In order to solve for these frequencies, also known as eigenmodes, we solve
the electric E and magnetic B fields within the cavity subject to Maxwell’s equations in the free-space
interior of a closed waveguide [6]:

8

∇·E=0
∇·B=0
(5)
∂B
∂t
∂E
∇ × B = µ0 0
∂t
The second-order partial differential electromagnetic wave equations in E and B describing the prop∇×E=−

agation of electromagnetic waves, subject to Maxwell’s equations in (5) arise as the following. The
previous equations are easily uncoupled by applying the proper vector identities and taking the curl of
both sides of the third and fourth equations in (5) [6].
1 ∂2
)E = 0
c2 ∂t2
1 ∂2
(∇2 − 2 2 )B = 0
c ∂t
After assuming time-harmonic solutions, of the form:
(∇2 −

(6)

E(~r, t) = E0 (~r)e−iωt
B(~r, t) = B0 (~r)e−iωt

(7)

Equation 5 reduces to the Helmholtz Equations [7]:
ω2
)E = 0
c2
(8)
ω2
2
(∇ + 2 )B = 0
c
In order to solve for the angular resonant frequency ω, we solve Equations 8, where the dispersion
(∇2 +

relation for electromagnetic waves in vacuum is ultimately given by:

k2 =

ω2
c2

(9)

where k is found from the separation equations uncovered by separation of variables, when solving the
partial differential wave equations for each unique resonator geometry.
The fields, separation equations, and thus resonant frequencies, can be obtained analytically through
this method for many simple structures.
9

2.4

EMDrive Proposed Theories

It is relevant to briefly discuss the proposed theory behind the EMDrive, though it is important to note
that the theory is not the focus of this research, and there are many different theories concerning the technology. In the theory led by Roger Shawyer, the EMDrive consists of an asymmetric, tapered resonant
cavity of finite conductivity. The most popular shape for the EMDrive is a trunated cone or “frustum”.
Microwaves resonating within the cavity are a source of radiation pressure against the conductive walls,
however the microwave energies are not equal at each end due to the asymmetric geometry, and as a
result, the radiation pressure at the larger end is higher than at the smaller, tapered end [2]. Shawyer’s
theory has not been confirmed, experimentally or analytically, as Maxwell’s classical electromagnetic
theory predicts zero thrust and conserved momentum when considering the entire volume [6].
Scientists have continued to dispute the possible mechanisms behind such a non-interacting resonant
cavity thruster. In 2014, the NASA Eagleworks team produced a conference paper, prior to their main
campaign, exploring the concept of a momentum transfer behind the anomalous thrust. They proposed
that resonant cavity thrusters could work by transferring momentum to what they call the ”quantum
vacuum virtual plasma”, though their claims were still disputed by other scientists in the field [8, 9].
Other scientific research has proposed that the measured anomalous thrust forces are due to a type of
interaction or momentum transfer at the points of asymmetry due to the energy of the vacuum in order
to deliver momentum to the system. More specifically, this proposed theory suggests that the measured
anomalous thrust forces are produced due to interactions between the applied electromagnetic fields of
the device and virtual particles/anti-particles of the quantum vacuum [9]. At this point, it is unclear how
the mechanics and subtleties of a possible EMDrive could work. The consequence of this uncertainty is
that it is difficult to theoretically maximize the potential thrust produced without pinpointing the exact
cause or properties of such a thruster. For now, we assume that any type of cavity asymmetry (geometric,
material, etc.) is sufficient for any possible thrust produced, and the resultant thrust is scalable by the
cavity’s Q factor.
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2.5

Analytic Solutions of a Cylindrical Resonant Cavity

For a simple cylindrical resonant cavity, we must solve Equation 8 to determine the electromagnetic
behavior within. The electric and magnetic fields have the general form of Equation 7. Assuming that
the plane end surfaces of the cylindrical cavity are perpendicular to the axis of the cylinder, defined in
the z-direction, we recover standing wave dependence of the fields due to reflections at the ends, for a
perfect electrical conducting material [5].
Solving for both fields, E and B, subject to boundary conditions at the surface of the inner walls
(E|| = 0, B⊥ = 0), we find both Transverse Electric (TE) and Transverse Magnetic (TM) fields. For a
cylindrical cavity of inner radius a and length d, the separation equations and thus resonant frequencies
for TM and TE modes are given by the following, respectively [5]:
r
Xmn 2
pπ
) + ( )2
ωmnp = 2πfr = c (
a
d
r
X0
pπ
ωmnp = 2πfr = c ( mn )2 + ( )2
a
d

(10)

(11)

0
where Xmn and Xmn
are the zeros of the radial Bessel functions and zeros of the derivatives of the radial

Bessel functions, respectively, and m, n, p, are integer values.
Using Equation 2, we can find the Q value of the TMmnp modes using the geometrical factors for
such modes, for a cylindrical cavity of length d, surface area A, and end circumference C with the
following TM geometric factors defined as [5]:
(1 +
(1 +

Cd
2A )
Cd
4A )

(12)

Cd
2A )
Cd
2A )

(13)

for p 6= 0, or
2(1 +
(1 +
when p = 0.
We are narrowing our investigative scope on TM modes due to the availability of previous literature and analytic methods for such modes. The TM modes were the focus of earlier experimentation
conducted by other studies, and we will later investigate the same modes to provide our own results in
comparison [3, 1].
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3
3.1

Computational Analysis
EMPro

Electromagnetic Professional (EMPro) is a simulation software written by Keysight Technologies. Using
EMPro’s Eigenmode Solver, we were able to generate and analyze the spontaneous resonances of various
geometric closed cavities of our design.
The Eigenmode Solver is based on the Finite Element Method (FEM) numerical technique. EMPro
uses this technique to approximate and calculate the three dimensional electromagnetic fields over a
specified domain. To ultimately solve the domain, FEM techniques partition large structures into smaller,
simpler finite elements. The determined simpler equations over these finite elements are assembled into
a larger system of equations that model the entire system. In the case of EMPro’s Eigenmode Solver,
the FEM subdivisions or ”mesh” take the form of many tetrahedra within the three dimensional cavity.
The Eigenmode Solver applies an initial mesh resolution. Individual solutions for each tetrahedral are
compared and the resolution is refined as needed to be within error to recover an overall eigenmode for
the cavity. The number of recovered eigenmodes is user specified.
Along with each recovered resonant frequency, ω, EMPro generates a corresponding Q factor, given
by:
Q=

Re{ω 2 }
Im{ω 2 }

(14)

where ω is the complex frequency ω 0 + iω 00 .

3.2

Determining the Limitations of the EMPro Eigensolver

The accuracy of EMPro’s Eigenmode solver is dependent on the mesh resolution or number of passes the
simulation program will undergo to determine the resultant electromagnetic behavior of a structure. This
is a factor that is both defined and controlled by the user. In order to confirm the accuracy of EMPro,
we conducted a convergence study in order to compare the resultant eigenfrequencies and Q values from
the program for a simple cylindrical cavity to the expected theoretical values determined by Equations
2, 10, 12, and 13. As we decreased the user defined delta error (dF: an option that allows the user to
determine to what degree of error the simulation should accept before generating a final result), Tables
1 and 2 show the results and comparison of our simulated values compared to the analytic solutions for
12

both the eigenfrequency of a PEC (perfect electrical conducting) cylindrical shell and the Q factor of a
finite conductive copper shell of the same size.
Mode TMmnp
TM010
TM011
TM112

Theoretical f
1.444 ×109
1.586 ×109
2.648 ×109

dF = 0.01
1.449×109
1.590×109
2.655×109

dF = 0.001
1.449 ×109
1.589 ×109
2.654 ×109

dF = 0.0001
1.444×109
1.587×109
2.650×109

Table 1: Convergence of simulated eigensolver results to theoretical values over decreased delta errors
for PEC cylindrical cavity of radius 7.95 cm and length 22.9 cm.
Mode TMmnp
TM010
TM011
TM112

Theoretical Q
3.394 ×104
2.828 ×104
3.654 ×104

dF = 0.01
3.220×104
2.731×104
3.510×104

dF = 0.001
3.245 ×104
2.748 ×104
3.541 ×104

dF = 0.0001
3.355×104
2.783×104
3.595×104

Table 2: Convergence of simulated eigensolver Q results to theoretical values over decreased delta errors
for copper cylindrical cavity of radius 7.95 cm and length 22.9 cm.
From Tables 1 and 2, you can see that as we run the simulation up to smaller delta errors, the values
approach the expected analytic values for both parameters. Our eigenfrequencies converge more clearly
to the analytic values than our resultant Q factors. Differences between the theoretical and simulated Q
factors are likely due to the different methods of calculation for Q factor between EMPro (Equation 14)
and the method used in Jackson’s Classical Electrodynamics (Equations 2 and 14). It is important to
note that the method used in Jackson for a cavity with finite conductivity is approximated from the result
for a perfectly conductive cavity. For the duration of our investigation, we ran the simulation down to a
delta error of 0.001 to preserve time and computing power. Running at higher mesh resolutions yielded
longer run times.
In Tables 3 and 4, we have identified five eigenmodes and their corresponding Q values for the cylindrical cavity of radius 7.95 cm and length 22.9 cm, making the same comparisons as earlier. As expected,
we seem to experience lower differences and percentage errors between the compared eigenfrequencies
of a PEC cylinder than the Q values of a copper cavity. Again, we are narrowing our investigative scope
on TM modes due to the availability of previous literature and analytic methods for such modes. We have
isolated these specific modes, as they were identified and matched with the eigenfrequencies predicted
for such a cavity by Equation 10.
13

Mode TMmnp
TM010
TM011
TM112
TM113
TM212

Theoretical f (GHz)
1.444
1.586
2.648
3.026
3.351

Simulated f (GHz)
1.449
1.589
2.654
3.027
3.359

Percent Error
0.35
0.19
0.23
0.03
0.24

Table 3: Comparison of analytic eigenmodes and EMPro identified eigenmodes for a PEC cylindrical
cavity. dF = 0.001
Mode TMmnp
TM010
TM011
TM112
TM113
TM212

Analytic Q Value [× 104 ]
3.394
2.828
3.654
3.906
4.110

Simulated Q Value [× 104 ]
3.245
2.748
3.541
3.813
4.025

Percent Difference
4.39
2.83
3.09
2.38
2.07

Table 4: Comparison of analytic Q values and EMPro generated Q values for a copper cylindrical cavity
of finite conductivity. dF = 0.001

3.3

Q Factors of Simulated Resonant Cavities

Our first structure of interest is a cylindrical cavity of the same dimensions as previously investigated
in Section 4.2, see Figure 2. With a radius 7.95 cm and length 22.9 cm, the cavity does not differ in
geometrical design. Instead, the cavity is now comprised of PEC material except for the left end cap
of copper, with varying skin depths defined by Equation 3. This material irregularity is now our source
of asymmetry, rather than a dimensional feature. Going forward, our Q factors were reported to two
significant figures, based on the results of Table 2, as uncertainty in our measurements persisted past two
significant figures.
Mode TMmnp
TM010
TM011
TM112
TM113
TM212

Eigenfrequency [GHz]
1.994
1.590
2.665
3.037
3.363

Simulated Q Value
2.6 ×105
1.4 ×105
1.8 ×105
2.3 ×1015
3.4 ×1016

Table 5: Larger experienced Q factors for the case tested in Figure 2. Cylindrical shell with capped end
provides a type of asymmetry, while maintaining a symmetric geometric design. dF = 0.001
From Table 5, we see that our Q values are heightened, with a maximum value of 3.4 × 1016 at
14

Figure 2: Cylindrical cavity of radius 7.95 cm and length 22.9 cm, with mostly superconducting (PEC)
walls to minimize power losses. Includes finite conducting left end cap of copper.
the TM212 mode. A PEC material will experience perfect reflection and no power losses in the cavity
walls, so energy within the configuration is maintained more easily. A superconductive material, in real
application, will act as this ”ideal” superconductive medium, subject to physical constraints.
Our next model is a frustum of the same dimension and material as that of NASA Eagleworks [3].
This cavity shape, a truncated cone, is the most popular configuration in many of the EMDrive experiments mentioned earlier. It also reflects the current model of Shawyer’s design [2]. With a length of 22.9
cm, 15.9 cm diameter on the small end, 27.9 cm diameter on large end, the cavity is known to resonate at
the TM212 mode at approximately 1.937 GHz [3]. There are no analytic solutions for these geometries,
though the mode is characterized by two axial nodes and four azimuthal nodes, shown in Figure 3.

Figure 3: Truncated cone with TM212 resonance, Q = 8.3 × 104 , 22.9 cm long, 15.9 cm diameter on the
small end, 27.9 cm diameter on large end.
In contrast to the truncated cone or frustum, we also analyzed the inner electromagnetic behavior
15

and resonance of a ”spherical” frustum. This cavity is similar in shape and size to the previous cavity,
22.9 cm long, 15.9 cm smaller diameter, 27.9 cm diameter on large end, but is built from the basis of a
sphere rather than a cylinder. The justification for the investigation of such a spherical shape is due to
the maximized ratio of volume to surface area inherent of a sphere. By Equation 2, we suspected that a
sphere may help increase the Q value produced. The TM212 resonant mode was identified for this cavity,
with a Q value of 5.2 × 104 , shown in Figure 4.

Figure 4: Partitioned spherical frustum with approximate TM212 resonance, Q = 5.2 × 104 , 22.9 cm
long, 15.9 cm smaller diameter, 27.9 cm diameter on large end.

4

Investigation Results and Discussion

Using EMPro to model the EM behavior within various resonant cavities, we explored to what extent
the inner behavior and quality factor of our cavities varied subject to changes in material and shape.
In order to perform our investigation, it was necessary to work under certain assumptions, including:
The EMDrive technology is true and the thrust is scalable. The possible thrust produced is proportional
(linearly) to the Q factor of its resonant cavity, so it is in our best interest to maximize the Q value of
such a cavity. There must be a source of asymmetry to initiate a momentum transfer from the energy of
vacuum space, motivating the use of a material or geometrical asymmetry.
Of our tested structures, it appears that a higher material conductivity in the superconducting range
ultimately provided the largest simulated quality factor of 3.4 × 1016 when applied to a cylindrical
cavity of predominately superconducting (PEC) material and a copper end cap. The minimum simulated
Q value for this configuration was observed at 2.6 × 105 , within our scope of eigenfrequencies. From
16

our geometrical frustum comparison, the truncated cone provides a greater Q factor of 8.3 × 104 at the
TM212 mode. Though a pure sphere has the highest volume to surface area, a spherical base applied to a
frustum-shape did not seem to contribute to any heightened resonant behavior, as the spherical frustum
produced a Q value of 5.2 × 104 at the TM212 mode, see Figure 4.
Though the spherical frustum did not produce a greater Q value at the same mode as the cylinder, it
may be beneficial to further investigate the spherical frustum at other eigenmodes. According to NASA
Eagleworks, the TM212 mode was used due to its similarities in behavior to that of a cylindrical cavity.
In the case of a spherical-like resonator, there may be other mode behaviors that are more responsive to
the spherical frustum shape. By Equation 1, we also see that Q value scales with resonance frequency.
A greater Q value is also contingent on the size and scale of the resonant electromagnetic waves within
a cavity of larger proportion. In order to consider which geometries are best, it is important to note that
larger cavities may have smaller Q values, so any fair comparison must be made of cavities of similar
size. Ultimately, the difference between Q factors of different shapes was small compared to the use of
superconducting materials in our investigation.

4.1

Discussion of Potential Thrust Achieved

Our simulated Q values on the scale of ≈1015 , found for the cylindrical cavity of predominantly PEC
material, are quite large, yet likely unrealistic under constraints of the physical world. The largest Q
factors achieved in a laboratory setting for similar cavities were observed by studying superconducting
radio-frequency cavities in particle accelerators [10]. Large Q factors for these superconducting cavities
were limited to scales of 1010 - 1011 due to surface resistances and other physical interactions [10].
However, our results were in agreement with the idea that a superconducting resonant cavity material
will aid in the production of high Q values.
With Q values on the scale of 1011 , we could potentially achieve larger thrust-to-power ratios if
(and this is an accentuated ”if”) the Q factor of a cavity does indeed linearly scale with thrust produced.
NASA’s test campaign observed thrust-to-power ratios on the scale of mN/kW (10−3 N/kW), with Q
values of ≈105 [3]. Using these results, with Q values of 1011 , we could possibly achieve a thrust-topower ratio of 1 N/W. An average human of mass 62 kg requires about 620 N to achieve equilibrium lift
off of the Earth’s surface. Assuming the force required from the drive to lift itself is negligible, our new
17

power ratio calls for 620 W of power to achieve lift. Similarly, a large car of 2,000 kg would involve
20,000 N of thrust to hover above the ground, so a power of 20,000 W would be needed.

5

Conclusion

Our simulation results show that the use of a superconducting cavity material is a primary contributor to
a high Q factor and possibly high thrust subject to our preliminary assumptions that thrust scales with
the Q factor of a resonant cavity. In the case of any practical industrial and manufacturing applications,
the use of a cylindrical cavity with the desired superconducting material, or at the very least a very
high conductivity, may provide the greatest efficiency, though further investigation into the cause of
anomalous thrust may determine the aspects of a cavity most necessary for propulsion. It is unknown at
this point whether a material asymmetry would contribute appropriately to the anomalous thrust of such
an engine concept. It is also important to note that large Q values were only simulated for our cylindrical
structure, and real physical laboratory environments and constraints may prove otherwise.
In further studies, it would be ideal to recreate and test these simulated cavities and their resonances
in a physical laboratory setting to compare with simulation results and theory. The realities and interactions of a laboratory environment introduce the necessity of an antenna or EM wave source within the
configuration, which will inevitably change the resonance behaviors and properties of an actual cavity.
We also suggest, as discussed earlier, that our analysis of our resonant cavities may be limited by our
scope and focus of comparison on only one specific mode, applied to all of our cavity configurations. It
may be true that different, unique resonant modes specific to a given cavity may produce better Q values
for that shape. In future work, it would be beneficial to explore the other resonant modes of different
cavity shapes. Furthermore, it would be enlightening to both simulate and test these cavities under the
effects of an inner dielectric material, similar to the presence of a polyethylene disk on the cavity resonator studied by NASA Eagleworks on their vacuum test campaign [3], under the assumption that these
materials may enhance the effects of the asymmetry needed for anomalous thrust. Considering this use
of a dielectric would bring our simulations closer to the exact configurations and environment of NASA’s
campaign, as a basis of comparison against our own work.
At this time, more information needs to be uncovered on the mechanisms of such an engine concept,
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but the future of a technology like the EMDrive is rich with potential. The EMDrive has been strongly
recommended for the use of space system travel, due to its theorized ability to produce thrust without
the mass restriction of a fuel or propellant source. Due to the technology’s current status as a low thrust
source, we believe it could be ideal for the steering needs of small space systems including satellites
and sensors. If the resultant thrust of such an engine is able to be eventually increased, our analysis
above shows it could be used for many modes of small transportation, including small personal devices
or even larger multi-passenger vehicles and payloads. Commercial aviation and automobiles currently
use and produce large amounts of fossil fuels and chemical emissions, but with the use of a reaction-less
engine such as the EMDrive, these effects could be reduced. With all these possible applications, we
look forward to future research and investigation on the potential mechanics behind and implications of
EMDrive technology.
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